Background: Preterm births (PTB) and low birth weight (LBW) -the two distinct adverse pregnancy outcomesare the major determinants of perinatal survival and development. The purpose of this study was to determine the incidence of LBW and PTB and identify the maternal and neonatal risk factors influencing them.
INTRODUCTION
Preterm birth (PTB) and low birth weight (LBW) defined, respectively, as birth occurring before 37 weeks of gestation and weight at birth < 2,500 g [1] , are widely acknowledged as major determinants of perinatal survival, infant morbidity and mortality as well as risk factors for development of disabilities and illnesses in future [2] [3] [4] [5] [6] [7] . Epidemiological studies have shown that LBW and PTB are linked to adverse health outcomes in early and later life [2, 3, 5] . Among the adverse health outcomes, delays in cognitive and behavioral development [8] , growth retardation and neurological problems in childhood [2] , as well as chronic diseases such as hypertension, stroke, coronary heart disease and related disorders and diabetes in adulthood are important [9, 10] . PTBs are the second most common cause of death after pneumonia in children under 5 years old and are estimated to be responsible for 35% of the world's 3.1 million annual neonatal deaths [11, 12] . LBW babies are 20 times more likely to die in their first year of life *Address correspondence to this author at the Department of Mathematics and Statistics, Sultan Qaboos University, P.O. Box 36, Alkhoudh 123, Sultanate of Oman; Tel: (968) 98264437; Fax: (968) 24141490; E-mails: mmazhar.islam@yahoo.com, mislam@squ.edu.om than normal weight ( 2500 g) babies [5] . PTBs account for three-fourth (75%) of perinatal mortality globally [5, 7] . Although, about 20 million (15%) of all live births worldwide are LBW, it accounts for 60-80% of all neonatal deaths [5, 7, 13] . It has been observed that 96% of LBW infants live in developing countries, with nearly sixty percent (59%) live in South-Asia and 27% in sub-Saharan Africa [5] . The incidence of LBW in developing countries (17%) is more than double the incidence in developed regions (7%) [5] . Thus, low birth weight remains as a significant public health problem more in developing countries than developed countries, and it has emerged as the central focus of infant health policy and as a leading indicator of infant health and wellbeing. A reduction of at least one third of the incidence of LBW is one of the major goals of the 1990 World Summit for Children [14] . The reduction of LBW is also related to the Millennium Development Goal (MDG) for reducing child mortality.
Among other factors, birth weight is strongly influenced by preterm delivery or restricted fetal growth (i.e. term birth with LBW), called 'intra-uterine growth retardation' (IUGR) [3, 15, 16] . These two types of LBW should be treated separately as they are linked to different risks of mortality and morbidity as well as to different etiology, requiring different preventive strategies [17, 18] . On the other hand, a substantial proportion of infants are born prematurely but their birth weights is appropriate for gestational age, and therefore, not usually considered as a risk group. In a study, Frisbie et al. [19] observed higher infant mortality rate among the normal weight preterm births than the normal weight full term births and concluded that normal weight preterm births should be considered as separate risk group in LBW analysis.
The duration of gestation, fetal growth, birth weight and future health are all affected by many factors relating to the infant, the mother and the physical environment or the genetics background [5] . The risk factors of PTB and LBW include maternal health and risky health behavior, inadequate antenatal care, psychosocial stress, low maternal body mass index, poor nutrition, diseases, diet and lifestyle during pregnancy, socio-economic and demographic characteristics of mother, sex and parity of the baby, genetic factors and environmental pollution [5, 17, 18] . Studies have indicated that for the same gestational age, girls weigh less than boys, twins weigh less and born before 37 weeks of gestation than singletons; firstborn infants are lighter and have higher chances of being born prematurely compared with births of higher order [5, 20, 21] . The physique, height and weight of the mother before conception also affect the weight and gestational age of a baby [22, 23] . Maternal age is an important determinant of LBW and PTB. Teenage mothers and those aged 35 or more have higher chances of giving birth to lighter or premature babies [20, 24] . Early antenatal care and healthy lifestyle of the mother (diet and habits) are also important determinants of LBW and PTB [25] . Many studies have shown that smoking, drug abuse and alcohol consumption contribute to a high incidence of adverse pregnancy outcomes [26, 27] .
Although the pattern of risk factors for PTB and LBW may be similar among populations, the relative contribution of each factor may vary from one setting to another [3, 28, 29] . The influence of various risk factors for PTB and LBW in developing countries is different from that observed in developed countries. It is, therefore, important to identify population-specific risk factors for PTB and LBW, so that appropriate policies could be established for further reduction of neonatal and infant mortality.
The Sultanate of Oman -an oil rich Arabian Gulf country -has well-organized universal free health care system assuring universal access to health care services. Following World Health Organization (WHO) guidelines, a database system has been developed and maintained throughout health care facilities. The country has made impressive gains in the achievement of key millennium development goals (MDGs) [30] . Almost all the health indicators witnessed dramatic improvements over the past four decades and it has been widely recognized and acclaimed by various international organizations, including the World Health Organization [31] . Despite all these improvements, childhood mortality and LBW remain to be a major concern for child health problem in Oman. The health service statistics of the Ministry of Health (MoH) indicate that the infant mortality rate in Oman remains almost unchanged at a level of 10 per 1000 live birth since 2000 and LBW rates show an increasing trend since 1980s [32] . The rate of LBW is on the rise showing a steady increase reaching to 10% in 2010 as compared to 7.8% in 2000 and 4% in 1980. As LBW is one of the most important biomarkers of health and survival of newborn babies, and hence it is important to identify underlying risk factors and establish appropriate measures to reduce the incidence of LBW in an attempt to improve the health and survival of infants.
There is scarcity of literature on levels, trends and determinants of LBW and PTB in Oman. To our knowledge, there is no comprehensive study on LBW and PTB and their determinants in Oman. The Ministry of Health of Oman provides information on LBW based on health service statistics. This lacks analysis of risk factor for LBW across the full spectrum of socioeconomic, demographic and behavioural factors. Thus, the objective of this study is to determine the incidence of PTB and LBW, and assess the associations between maternal and neonatal factors in relation to the incidence of PTB and LBW. The study eventually aims to provide information that can be used to guide to the development of preventative strategies to identify highrisk populations, in an attempt to reduce the incidence of PTB and LBW and improve infant survival.
METHODS

Study Design and Participants
This cross-sectional retrospective study was carried out at the Maternity ward, Department of Gynecology and Obstetrics, Sultan Qaboos University Hospital (SQUH), Muscat, Oman, during the period between 15 November 2011 and 18 February 2012. SQUH is a governmental educational medical institution for undergraduate and postgraduate medical training and research. It provides both secondary and tertiary medical care to the general population. Patients from all over Oman from any socioeconomic background have free access to health care service at SQUH. The hospital also provides free health care services to expatriate staff at Sultan Qaboos University (SQU). It is a 476-bed hospital with 396 doctors. About 3000 deliveries occur in the hospital each year.
The data for the study was extracted from the predesigned and approved data collection forms of the admissions and discharge registers of the obstetric and gynecology unit of SQUH. These standardized delivery logs contain selected vital information about maternal demographic, pregnancy and antenatal care as well as the anthropometric measurements of newborns including birth weight and gender. Nurses or midwives fill these records upon admission and immediately after delivery. All these records are routinely kept in the hospital as hard copy.
During the three-month study period, 612 delivery records were available for observation, although more than 700 deliveries were expected. The lower number of observed deliveries might be attributed to seasonal variation in delivery. This study considered delivery records with live births as eligible for enrollment in the study, excluding those who died while in hospital. All early and late fetal deaths were also excluded. Twin births were also excluded because of their well-known association with preterm births and LBW [33] . Among the observed 612 deliveries, 42 were related to fetal death, 3 were twin births, and 4 died. 29 records were discarded because of incomplete information. Ultimately, 534 records were found valid for the analysis and they constituted our target population of mothers and neonates. The sample was thought to yield valid estimates of major indicators of the study with less than 5% error margin and more than 95% confidence limit. Of the 534 deliveries, 73 were LBW, and 52 were PTB. As there were overlapped between the PTB and LBW, 38 were identified as Preterm-LBW and 35 were Term-LBW. Given that the study is a hospital-based sample, the results may not be generalizable to the national population. However, in a country like Oman where almost 100% of all expectant women attend antenatal clinics and medically assisted deliveries are almost universal, it is likely that the influence of this factor may not be substantial.
Data Collection
Ethical approval of research involving humans was obtained from Sultan Qaboos University ethics committee. This study was approved by the Department of Mathematics and Statistics and the College of Science administration. Permission to use hospital data for the study was accorded by the director general of SQUH. Data were extracted by two trained undergraduate students from Health Statistics group of the Department of Mathematics and Statistics, College of science, Sultan Qaboos University. A pre-coded case abstraction inventory was used for data extraction. The two assigned undergraduate students used to visit the Gynecology and Obstetric unit of SQUH weekly. Their duty was to collect the completed delivery log of the week and posted the relevant data into pre-coded inventory form. They worked under the supervision of the three authors and the head of midwife of SQUH. A data entry screen was designed to transfer the data from hard copy to soft copy. Data were then transferred from the Gynecology and Obstetrics unit records onto computer.
Study Variables
The main outcome variables of the study were PTB and LBW. We defined LBW as a birth weight of less than 2500 g irrespective of gestational age. PTB was defined as childbirth occurring before 37 completed weeks of gestation. Since there were overlapped between LBW and PTB, the study considered Preterm-LBW as a separate outcome variable in data analysis.
As the study was retrospective in nature and the data were extracted from the predesigned data collection forms of the admissions and discharge registers of the gynecology and obstetric unit of SQUH, a limited number of maternal and neonatal factors were available as explanatory variables. Maternal factors include demographic factors, namely age, consanguinity status, gravida, birth interval, previous story of stillbirth or miscarriage, and health factors including height, weight, and antenatal visit, and education. Neonatal factors include sex, Apgar score, mode of delivery, length of baby at birth, head circumference, delivery assistance and gestational age. Gestational age was based on the number of days between the first day of the last menstrual period (LMP) and the date of delivery expressed in completed weeks after LMP as documented in the hospital record.
Based on the frequency distributions, maternal age was categorized into four age groups, <25, 25-29, 30-34 and 35; consanguinity status was categorized into consanguineous and non-consanguineous, gravida was categorized into 1, 2-4, and 5+; birth interval was categorized into <2 years and 2 years and above; previous history of stillbirth or miscarriage was categorized as yes (one or more) and no (none). Maternal height was categorized as <150 cm and 150 cm. The maternal pre-pregnancy weight was not available. However, maternal weight at the time of booking before delivery, which we called pregnancy weight, was available in the obstetric record. Therefore, we could not calculate the standard body mass index (BMI), but maternal weight during pregnancy and maternal BMI during pregnancy can be used to evaluate their effect on LBW and PTB. Maternal education categorized into less than secondary (0-9 years of schooling), secondary (10-12 years of schooling) and higher (at least 13 years of schooling). Number of antenatal (ANC) visits were categorized into <4, and 4 visits following the recommendation of World Health Organization that all women with no underlying medical problems should have a minimum of four visits [34] . However, categorizations of some of the other maternal factors were arbitrary. Among the neonatal characteristics, Apgar score during 1 st minute was categorized as <7 (life threatening) and 7 (normal); length was categorized as normal (45-55 cm) and other than normal (<45 cm and 56 cm); head circumference was categorized as normal (34-36 cm) and other than normal (<34 cm and 37 cm). Categorization of all these neonatal characteristics were done following the prescribed normal range for each characteristics for an average new born baby in medical literature. Mode of delivery was categorized into spontaneous vaginal delivery (SVD) and caesarian section (CS)/assisted delivery; and delivery assistance was categorized as doctor and nurse.
Statistical Analysis
The characteristics of mothers and neonates in relation to total birth and sub-groups of births, such as LBW, PTB, and Preterm-LBW were analyzed by frequency distribution. To study the bivariate associations between outcome variables and explanatory variables, differential analysis were performed using cross tabulation and chi-square ( 2 ) test. Factors with a p-value <0.05 were taken as statistically significant. While bivariate analysis identify an unadjusted effect of a predictor or explanatory variable on a outcome variable without controlling the effect of other predictors, multivariate analysis identify the adjusted effect of a predictor variable after controlling the effect of other predictors. Since our outcome variables (y say) were categorical which we dichotomized as: y =1 if the infants belong to any one of the sub-groups of LBW or PTB or Preterm-LBW, and y =0 otherwise, multivariate analysis were performed using stepwise multivariate logistic regression with backward selection so that it would identify the independent effects of predictors by eliminating the correlation effects of potential confounders. The adjusted effect of a predictor is measured by the odds ratio (OR) and the corresponding 95% confidence interval (CI) with controlling the effect of all other predictors. The category of a predictor variable with theoretically low risk of LBW, or PTB or Preterm-LBW was considered as a reference category. By definition, the OR of the reference category is 1.00. An OR greater than 1.00 for a category of the predictor variable indicates higher likelihood of LBW (say) in that category as compared with that of the reference category. All analysis were done using Predictive Analytics Software (PASW) Statistics 18 version (SPSS Inc., Chicago). Table 1 shows the distribution of study sample of total births, LBW babies, PTBs, and Preterm-LBW infants according to selected characteristics of mothers and neonates. Out of total 534 sampled mothers, 22.7% were aged below 25 years, 60.5% were within the prime reproductive age 25-34 years and 17% were aged 35 and above. Mothers' ages ranged between 18 and 47 years with a mean and SD of 28.8 and 5.32 years, respectively. About 44% mothers had consanguineous marriage, which is lower than observed (more than 50%) in population based national level surveys [35] . Most of the mothers (73%) had secondary or above level education. Nearly one-fourth (23.4%) of the mothers were primiparous. On the average mothers had more than three pregnancies indicating high-level fertility among the participating women. About 4 out of 9 mothers (46.2%) had short birth interval of less than two years and 53.7% had birth interval two years or more. Slightly more than onefourth (26%) mothers reported that they had previous history of stillbirth or miscarriage. Frequency of antenatal care visits indicate that 91% of mothers had at least four visits during the current pregnancy. About 10% of mothers had short stature of less than 150 cm. More than eighty percent (84.5%) of mothers had weight of 60 kg or more at the time of delivery. The distribution of maternal BMI during pregnancy shows that 80% of mothers had BMI of 25 or more. Of the 534 deliveries, half (50.2%) were male babies and half The results show that compare with total sample, mothers from LBW group or PTB group or Preterm-LBW group were relatively younger, less educated, having low average gravida, with higher value of pregnancy BMI, low average birth interval and less number of ANC visits. As expected, infants with LBW, PTB and Preterm-LBW had lower average Apgar score, length at birth and head circumference than that of total sample. The proportion of female babies were observed to be higher in all the sub-groups than that of observed in the total sample. For example, three-fourth (75%) of the LBW babies were female compared to 50% in the total sample. Table 2 presents the percentage of infants by birth weight categories, gestational age categories and gender of births. The data indicate that the incidence of LBW (<2500 g) was observed to be 13.7%. The incidence of very low birth weight (<1500 g) was 2.4%. The incidence of very low birth weight comprised 17.5% of the total LBW. The incidence of preterm births (<37 weeks of gestation) was observed to be 9.7%. Among the total infants, 6.6% were term-LBW babies whom we recognized as IUGR and 7.1% were preterm-LBW babies. This indicates that about half (48.2%) of the LBW babies were term births and the rest 51.8% were preterm births. Of the total infants, 83.5% were term normal-weight births and 2.8% were preterm normal-weight births. Thus 96.7% of the normal-weight babies were term births and 3.3% were preterm births. The mean birth weight was estimated to be 2993.9 ( ± 560.0) g and median birth weight was 3055 g. The distribution of birth weights is shown in Figure 1 , displaying an approximate normal though slightly negatively skewed (kewness = -1.42) distribution. As expected mean birth weight for male babies were higher than that of female babies (3156 g vs. 2830 g) and the difference was statistically significant (p<0.0001). The mean gestational age was 38 weeks (SD=2.44 weeks). Table 3 presents the results of bivariate analysis showing unadjusted correlates of LBW, PTB, and Preterm-LBW. Bivaraite analysis provides percentage (or incidence) of LBW, PTB, and Preterm-LBW for each category of maternal and neonatal factors without controlling the effect of potential confounders, and thus identifies the statistically significant but unadjusted correlates of LBW, PTB and Preterm-LBW. The incidence of LBW was found to be significantly higher (p<0.05) among the mothers who were young aged less than 25 years (22.3%), having consanguineous marriage (17.1%), had less than 4 ANC visits (22.9%), short birth interval (< 2 years) weight (16.6%), with low maternal pregnancy weight (<60 kg) (33.8%) and low maternal pregnancy BMI (<25) (25.2%). All the neonatal factors such as sex, Apgar score, length at birth, head circumference, gestational age and delivery assistance showed significant association with LBW ( Table 3) . Maternal level of education show no significant differential effect on LBW (p=0.092).
RESULTS
Characteristics of Sample Participants
Incidence of LBW, PTB and Preterm-LBW
Correlates of LBW, PTB and Preterm-LBW: Bivariate Analysis
The incidence of PTB was found to be significantly (p=0.045) higher among the mothers who were aged <25 years, had previous pregnancy loss history, had low ANC visit frequency (<4 visits), had low pregnancy weight and low pregnancy BMI. All the neonatal factors showed significant association with PTB. Preterm-LBW was found to have significant association with maternal age and ANC visits. Like LBW and PTB, Preterm-LBW also showed significant association with all the neonatal factors. The incidence of LBW was found to be highest (71.2%) for short gestational age, closely followed by other than normal head circumference (54.7%), low apgar score (46.2%) and other than normal length of baby (40.4%). On the other hand, the highest level of incidence of PTB was found for other than normal length of baby (42.3%), followed by low Apgar score (41%) and other than normal head circumference of baby (34.7%). After controlling for the confounding effects of the maternal and neonatal risk factors of LBW in multivariate logistic regression model, gestational age less than 37 weeks appeared as the most strongest predictor of LBW (AOR=20.16; 95% CI: 8.32, 55.18), followed by other than normal head circumference of newborn (AOR=14.57; 95% CI:7.05, 31.15). Other independent risk factors of LBW, as indicated by the adjusted model, included low Apgar score (<7) (AOR=5.67; 95% CI:2.64, 12.34), female baby (AOR=4.13; 95% CI:2.18, 8.39), low maternal pregnancy weight (<60 kg) (AOR=3.04; 95% CI:1.50, 6.21), short birth interval (<2 years) (AOR=1.58; 95% CI: 0.47, 2.79), low maternal pregnancy BMI (< 25) (AOR=2.01; 95% CI:0.70, 3.24) and less than 4 ANC visits (AOR=1.98; 95% CI: 0.67, 4.28). Although the unadjusted bivariate analysis identified maternal age, consanguinity, gravida and length of baby at birth as significant correlates of LBW, the effect of these factors become statistically insignificant after controlling the effects of other factors.
Determinants of LBW, PTB and Preterm-LBW: Multivariate Analysis
The results from multivariate logistic regression analysis of PTB ( Table 4 ) revealed that PTB has significant association with low maternal age of less than 25 years (AOR=5.86; 95% CI:1.22, 28.28), maternal previous pregnancy loss experience (AOR=1.51; 95% CI: 0.39, 3.19), less than 4 ANC visits (AOR=1.28; 95% CI:0.37, 3.82), female baby (AOR=8.58; 95% CI:3.81, 19.32), low Apgar score (AOR=7.41; 95% CI:3.50, 16.28) , length of baby For both preterm and LBW infants, maternal age less than 25 years (AOR=9.58; 95% CI: 1.51, 30.22), maternal previous pregnancy loss experience (AOR=4.57; 95% CI: 0.62, 18.34), female baby (AOR=8.01; (5% CI: 2.37, 26.11), low Apgar score (AOR=8.47; 95%CI: 5.84, 42.23) and other than normal length of baby (AOR=5.38; 95% CI:1.82, 15.30) appeared as significant predictors.
DISCUSSION
The purpose of this study was to determine the incidence of LBW, PTB and Preterm-LBW and identify the maternal and neonatal risk factors influencing them, using data from a cross-sectional retrospective study conducted at the maternity ward of Sultan Qaboos University Hospital (SQUH) in Oman. Our estimates of incidence of LBW (13.7%) and PTB (9.7%) appeared to be high compared to other developed and many Arab countries [5, 11] . The reported percentage of LBW in this study is slightly higher than reported by the annual health report of Ministry of Health (MoH) of Oman [32] . Based on health service statistics, MoH reported an estimate of 10% LBW in Oman in 2010. There is dearth of published comparable population based data on LBW and PTB in Oman. As the hospital provides neonatal intensive care services and women with high risk pregnancies would be more likely to choose this specific hospital for the delivery, a factor that may lead to overestimating the observed LBW and PTB rates in this study. On the other hand, the estimates of LBW and PTB may be underestimated due to some eligibility criteria for selecting the sample of this study that excluded all twin births and births with missing information. Nevertheless, the estimates are plausible, as they lie within observed range for developing countries as reported by the joint study of UNICEF and WHO [5] .
The study provides a comparative analysis of the risk factors for LBW, PTB and Preterm-LBW which is useful because these indicators would likely to have different etiologies. In addition, PTB is the major predictor of LBW babies but the converse may not be true.
Multivariate logistic regression analysis showed that ANC visit, infant's gender, Apgar score, and head circumference of infants were the common significant risk factors influencing both LBW and PTB. Thus, the risk profile for the two outcomes groups had both differences and similarities. This study found that the risk factors specific to PTB were maternal age, previous history of pregnancy loss, and infant's length, while birth interval, maternal pregnancy weight, pregnancy BMI and gestational age were the risk factors unique to LBW in addition to aforementioned observed common factors for both LBW and PTB.
Low gestation age appeared as the factor that had the highest association with LBW. Infants with gestation age less than 37 weeks i.e. PTBs were 20 times more likely to be LBW compared with infants born at 37 weeks or thereafter (AOR=20.13; 95% CI: 8.21, 55.22) . The results are in line with findings reported by many previous studies [5, [36] [37] [38] .
The association between maternal pre-pregnancy nutrition and LBW and PTB could not be examined in this study due to lack of pre-pregnancy weight of mothers. However, data on maternal weight at booking before delivery were available, and therefore we used maternal pregnancy weight and the corresponding pregnancy BMI to examine the association between maternal nutrition and LBW or PTB. LBW was found significantly associated with low maternal pregnancy weight as well as low pregnancy BMI as a result of low body weight in relation to height. This could be attributed to limited maternal weight gain during pregnancy and other factors that can be associated with maternal nutrition including infections, lifestyle, food habit and socio-economic status of mothers. The association between maternal pregnancy weight and LBW observed in this study is consistent with findings of the large meta-analysis of data from all over the world conducted by the World Health Organization (WHO) [39] . Similar findings were reported by others in different settings [28, 29, 40, 41] . Maternal pregnancy weight and pregnancy BMI, and thus nutrition level, however did not show significant association with PTB, although low pregnancy weight (< 60 kg) and BMI showed increased risk of PTB. Maternal height did not show any significant association with LBW and PTB.
Birth spacing showed independent effect on LBW in our study population. Both unadjusted and adjusted analysis identified birth interval as a significant predictor of LBW. Mothers with short birth intervals of less than two years were at least 1.5 times more likely to produce LBW baby compared with mothers having birth interval two years or more. Similar findings were documented by many previous studies [28, 29, [42] [43] [44] [45] . Birth interval did not show significant association with PTB. Due to prevailing high fertility [46] and demand for large family size, birth interval is relatively short in Oman (about 2.5 years) [47] . Among the mothers considered in this study, 46% had birth interval less than 2 years. In this context, the finding that short birth intervals are associated with adverse pregnancy outcomes has important policy implications for Oman. The incidence of LBW could effectively be reduced by implementing strategies aimed at increasing birth spacing in Oman. It is encouraging to note that Ministry of Health has already initiated birth spacing program in 1994 as an integral part of 'Maternal and Child Health Care' development in Oman. Government's effort appear to be on the right track.
Like most Arab communities, consanguineous marriage is a deeply rooted cultural trend in Oman and more than half (52%) of the marriages are consanguineous marriage [35] . The long tradition of high prevalence of consanguineous marriage in Omani society was found to have association with reproductive behavior and health and survival of newborns [48] . This study examined possible association between high rate of consanguineous marriages in Oman and LBW and PTB. Although, our unadjusted bivariate analysis showed some marginal effect of consanguinity on LBW and PTB in Oman, but after controlling other factors in multivariable analysis, its effect on LBW and PTB become insignificant. Similar association between first cousin marriage and LBW was observed by Dawodu et al. [29] in the United Arab Emirates. In a meta-analysis, Kramer [3] concluded that genetic factors may play an important role in LBW. Considering the high incidence of consanguineous marriage in Oman, it could be an important genetic factor for LBW and PTB and warrants the need for more research.
Our analysis revealed that the frequency of antenatal care (ANC) visits had significant independent effects on both LBW and PTB. The effectiveness of timely adequate number of ANC is well established in reducing the risk of adverse pregnancy outcomes [49] [50] [51] . As almost all women (99.4%) in Oman received ANC at least once during pregnancy [32] , this could be an important avenue for screening medical and obstetric complications so that timely interventions and treatment can be given to reduce the risk of LBW and PTB.
Young mothers aged less than 25 and mothers with prior history of stillbirth or miscarriage (pregnancy loss) were found to be at higher risk of PTB. The risk of PTB was observed to be 1.5 times higher among women with a history of prior pregnancy loss as compared to those without a history of pregnancy loss.
The findings of this study indicate that female sex, low Apgar score of birth (less than 7), head circumference and body length of baby less than or greater than normal range were associated with higher risk of both LBW, PTB and Preterm-LBW. All these neonatal factors have direct and indirect link with maternal nutrition and several non-nutritional factors such as infections, hypertension, smoking, environmental factors, socio-economic status and genetics [52, 53] .
The finding that female babies are at higher risk of LBW and PTB warrant special attention because of its potential intergenerational effects. Many studies documented a classic pattern of intergenerational growth failure of female infants, mostly in developing countries, that girls born with LBW continue to experience growth failure during their early childhood and adulthood, and they most likely have children at an early age (which further reduces their opportunity to reach an optimal body size with adequate nutrient stores before conception), and thereby give birth to LBW infants [53] [54] [55] [56] . As intergenerational effect is linked with many factors such as genetics, culture and belief, environment and women status [42] , reduction of its influence on birth outcomes across generation will also take a long time. However, improving dietary intakes during pregnancy through micronutrient supplementation could be an important solution for reducing LBW. Several efficacy trials have shown that food supplementation or improving food intake during pregnancy effectively reduces LBW [53] . Based on a meta-analysis of controlled trials, Kramer [23] concluded that balanced protein-energy supplements during pregnancy can reduce the incidence of smallfor-gestational-age infants by almost one-third. Some limitations of this study are worth mentioning. It is difficult to generalize our findings due to selection bias as the study focused on births that occurred within SQUH maternity unit. Given the retrospective nature of the study, and due to lack of relevant data in the medical records, we were unable to examine many important risk factors such as socioeconomic status of mothers, their diet and life style, their physical and mental health, their chronic and comorbid conditions, and other obstetric complications. In addition, data on infant's physical conditions, such as congenital disease and complications etc. were not available. It was not unlikely that factors not included in this study would have contributed to some of the unexplained variation for PTB and LBW in this population [6] . Gestational age records derived from maternal accounts of LMP may sometimes be prone to errors, and thus some error in the classification of preterm births is likely. Nevertheless, the study was an exploratory study to provide updated information for maternity service providers, particularly the obstetric care providers to enhance their preconceptual and antenatal counseling. The study findings have also clinical significance as the findings of the study suggest that most of the factors associated with adverse birth outcomes are modifiable with appropriate maternal and child health services. Health information, education, and counseling, improvement of maternal nutrition, and increasing the use of ANC services during pregnancy, are all important for reducing LBW and PTB.
The findings of the study highlight the need of intervention for specific groups of women with higher risk of LBW and PTB. Young women aged less than 25, and those with previous history of pregnancy loss, short inter-pregnancy interval, low weight and BMI during pregnancy, low frequency of ANC visits and with consanguineous marriage should be informed of their relatively higher risks of LBW and PTB and be given proper attention during antenatal care. The persistent high prevalence of consanguineous marriage in Oman and its link with LBW and PTB need to be considered in its public health strategy. Culturally appropriate genetic counseling and genetic educational programs related to consanguineous marriage should be undertaken in order to reduce the incidence of consanguineous marriages and its impact on reduction of birth weight.
